Bloodstream infections due to vancomycin-resistant enterococci (VRE-BSI) result in substantial patient mortality and cost. Daptomycin and linezolid are commonly prescribed for VRE-BSI, but there are no clinical trials to determine optimal antibiotic selection. We conducted a systematic review for investigations that compared daptomycin and linezolid for VRE-BSI. We searched Medline from 1966 through 2012 for comparisons of linezolid and daptomycin for VRE-BSI. We included searches of EMBASE, clinicaltrials.gov, and national meetings. Data were extracted using a standardized instrument. Pooled odds ratios (OR) and 95% confidence intervals (95% CI) were calculated using a fixed-effects model. Our search yielded 4,243 publications, of which 482 contained data on VRE treatment. Most studies (452/482) did not present data on BSI or did not provide information on linezolid or daptomycin. Among the remaining 30 studies, 9 offered comparative data between the two agents. None were randomized clinical trials. There was no difference in microbiologic (n ‫؍‬ 5 studies, 517 patients; OR, 1.0; 95% CI, 0.4 to 1.7; P ‫؍‬ 0.95) and clinical (n ‫؍‬ 3 studies, 357 patients; OR, 1.2; 95% CI, 0.7 to 2.0; P ‫؍‬ 0.7) cures between the two antibiotics. There was a trend toward increased survival with linezolid compared to daptomycin treatment (n ‫؍‬ 9 studies, 1,074 patients; OR, 1.3; 95% CI, 1.1 to 1.8; I 2 ‫؍‬ 0 [where I 2 is a measure of inconsistency]), but this did not reach statistical significance (P ‫؍‬ 0.054). There are limited data to inform clinicians on optimal antibiotic selection for VRE-BSI. Available studies are limited by small sample size, lack of patient-level data, and inconsistent outcome definitions. Additional research, including randomized clinical trials, is needed before conclusions can be drawn about treatment options for VRE therapy.
B
loodstream infections due to vancomycin-resistant enterococcal species (VRE-BSI) are a rapidly growing problem in hospitals, with life-threatening consequences for patients (1) (2) (3) (4) (5) . Despite infection prevention and control efforts, U.S. hospitalizations associated with VRE doubled between 2000 and 2006 and appear to be further increasing (1) (2) (3) (4) (5) (6) . National surveys of U.S. intensive care units (ICUs) indicate that VRE represented Ͻ1% of enterococcal isolates in 1990, but more recent data suggest that they now exceed 30% (1) (2) (3) (4) .
VRE-BSI primarily affect the most vulnerable patient populations, including postsurgical and trauma patients, complex internal medicine patients, and those who have undergone organ transplantation, especially liver transplantation (7) (8) (9) (10) (11) (12) . VRE-BSI are associated with significant mortality in cohorts of hematopoietic stem cell transplant recipients, liver transplant patients, oncology patients, and other inpatient populations (11) (12) (13) (14) (15) (16) (17) (18) (19) . Importantly, effective antibiotic therapy and shorter duration of bacteremia are associated with lower mortality in patients with VRE-BSI (11, (19) (20) (21) (22) .
Newer antimicrobial agents with activity against VRE (daptomycin, linezolid, quinupristin-dalfopristin, and tigecycline) provide much-needed therapeutic options for VRE-BSI, but there are limited data to inform clinicians as to which among these drugs are most effective for VRE-BSI. Two phase III clinical trials for VRE-BSI were started but were subsequently aborted due to enrollment difficulties (23, 24) . To our knowledge, there are no further plans to initiate phase II or phase III clinical trials for VRE-BSI.
Among currently available agents with activity against VRE, daptomycin and linezolid have been used most frequently for VRE-BSI treatment (22, (25) (26) (27) (28) (29) (30) . Daptomycin is a cyclic lipopeptide with a broad spectrum of activity against Gram-positive organisms, including VRE (31, 32) . Higher doses of daptomycin (Ն8 mg/kg) are thought to improve clinical outcomes from VRE-BSI (33, 34) . Linezolid is an oxazolidinone that inhibits bacterial protein synthesis by inhibiting ribosomal complex formation. Its spectrum of activity against Gram-positive organisms includes most isolates of VRE (35) . However, marrow toxicity and peripheral neuropathy from prolonged linezolid use are considered important limitations, particularly in bone marrow transplant patients with VRE-BSI (26, 36) . One observational investigation suggested that linezolid was associated with a survival advantage for VRE-BSI (37); however, there have been no attempts to systematically review the literature on VRE-BSI outcomes focusing on antimicrobial therapy. We therefore conducted a systematic review and meta-analysis to quantify differences in clinical outcomes from VRE-BSI treated with daptomycin or linezolid.
RESULTS
Our search yielded 4,243 publications, of which 482 contained data on treatment of VRE (Fig. 1) . The majority of investigations (n ϭ 452) did not have data on BSI as a site of infection. Among the 30 studies containing data on outcomes of VRE-BSI treated with linezolid or daptomycin, nine investigations provided comparative data on linezolid and daptomycin and were included in the final analysis (22, 26-30, 37, 41, 42) . Eight of the studies were based in the United States, and one study was based in Taiwan. The nine investigations that were included in our final analysis reported on 1,074 patients treated for VRE-BSI. The investigations included in our analysis differed in their cohorts and how they defined VRE-BSI (Table 1) . Three investigations required at least two positive cultures for VRE to define a case of VRE-BSI (28, 30) . The remaining investigations required only one positive bloodstream culture, with two studies additionally using criteria of the Centers for Disease Control and Prevention for BSI (26, 27) .
Studies also differed in their definition of mortality. Three investigations used 30-day all-cause mortality, one investigation reported 14-day mortality, two investigations used inpatient allcause mortality, two investigations used all-cause mortality at end of therapy, and one manuscript used all-cause mortality 7 days after end of therapy. Linezolid was uniformly given at a dose of 600 mg every 12 h; daptomycin was usually given at 6 mg/kg, but doses ranged from 3.4 mg/kg to 10.4 mg/kg ( Table 1) .
Comparisons of microbiologic cure, clinical cure, and mortality between daptomycin and linezolid are reported in Table 2 . Our meta-analysis suggests that linezolid therapy is associated with increased survival for patients with VRE-BSI (n ϭ 9 studies, 1,074 patients; OR, 1.3; 95% CI, 1.0 to 1.8; I 2 ϭ 0), but this did not reach statistical significance (P ϭ 0.053) (Fig. 2) . Only one study demonstrated a statistically significant association between daptomycin and mortality (37) . Outcomes were similar between linezolid and daptomycin treatments for microbiologic cure (n ϭ 5 studies, 517 patients; OR, 1.0; 95% CI, 0.4 to 1.7; P ϭ 0.95) and clinical cure (n ϭ 3 studies, 357 patients; OR, 1.2; 95% CI, 0.5 to 2.1; P ϭ 0.68; I 2 ϭ 0) ( Table 3) .
DISCUSSION
VRE-BSI is a potentially life-threatening complication for hospitalized patients, particularly the immunocompromised. Effective antibiotic therapy has been shown to reduce mortality from VRE-BSI (13) . However, the high attributable mortality associated with VRE-BSI in cohorts of hematopoietic stem cell transplant recipients, liver transplant patients, oncology patients, and inpatient populations (11) (12) (13) (14) (15) (16) (17) (18) (19) warrants an examination of the literature to examine which therapies may be associated with improved clinical outcomes in these vulnerable populations.
Our systematic review provides an important assessment of available literature on selection of linezolid versus daptomycin for the treatment of VRE-BSI. Although we did not identify data from clinical trials of VRE-BSI, we found a trend toward an association between linezolid therapy and patient survival in the available literature. The association between linezolid and lower patient mortality than with daptomycin treatment reached statistical significance in one analysis by Dubrovskaya et al., which examined 80 patients in an academic medical center in New York (37) .
Despite the objective results from our meta-analysis showing an association between linezolid and survival, we strongly caution that our findings should not be considered conclusive. There were relatively few investigations included in our analysis, and all were retrospective cohort analyses. Differences in definitions of mortality may further have introduced bias. Moreover, there was evidence of treatment selection bias in these investigations. Four investigations demonstrated a bias toward using daptomycin in patients with hematologic abnormalities (22, 26, 29, 30) . As a result, some of the observed mortality difference between treatments may be a product of the confounding by indication where "sicker" patients were given daptomycin. One method to account b Odds ratios greater than 1 favor linezolid treatment, and odds ratios less than 1 favor daptomycin treatment. For the paper by Lu et al. (42) , the 14-day mortality numbers were used for the calculation of the mortality odds ratio. Analysis using the 28-day mortality was not significantly different.
for differences between treatment groups would be to conduct a patient-level quantitative analysis of all studies to assess the impact of host, organism, and treatment-related factors on mortality and clinical cure. This method of analysis has proven successful in investigations of other infectious syndromes, but patient-level data were not available from the investigations included in this review (43) . Though our data trended toward an association between linezolid therapy and survival, we did not observe an association between linezolid and microbiologic cure (P ϭ 0.95). In nearly all investigations, microbiologic cure was defined relatively late in the course of disease, typically 7 to 14 days after VRE-BSI was diagnosed. In contrast to traditional measures of microbiologic cure, duration of bacteremia and probability of repeat positive blood culture while on therapy may be more sensitive measures of antibiotic activity and are thought to be an important predictor of mortality. Diazgranados and Jernigan presented a robust analysis showing a dose-response relationship between bacteremia duration and mortality using a Cox proportional hazards models (11). Bhavnani and colleagues reported that positive follow-up cultures were associated with mortality (odds ratio, 10.1; 95% CI, 2.2 to 46.7) (21) . Similarly, Kraft et al. reported that bacteremia that persisted over multiple days was associated with significantly higher mortality (22) . Among the studies included in our review, one investigation found a higher likelihood of repeat cultures positive for VRE while on daptomycin (P ϭ 0.01) and higher recurrence of VRE while patients were on daptomycin (P ϭ 0.03) (29) . Alternatively, Crank et al. and Kraft et al. found no difference in duration of bacteremia between linezolid and daptomycin treatments (22, 28) .
An important consideration of this literature review is that the majority of studies described daptomycin dosing at 6 mg/kg, with relatively few patients receiving higher doses of daptomycin (Ն8 mg/kg). Higher doses of daptomycin are thought to improve clinical outcomes from VRE-BSI compared to traditional doses (33, 34) . Among studies included in our final analysis, there is evidence from one investigation that lower doses of daptomycin were associated with recurrently positive cultures (29) . There has been limited in vitro data, and emerging clinical data suggest that combination therapy for VRE-BSI with an effective antibiotic and a ␤-lactam may be more effective that effective antibiotics alone (44, 45) . None of the investigations in our study adjusted for ␤-lactam adjunctive therapy for VRE.
In summary, our results suggest that there may be a mortality difference between daptomycin and linezolid for the treatment of VRE-BSI. However, the literature on VRE-BSI is quite limited. There were no clinical trials in our review of the literature. The available manuscripts include small-cohort analyses, affected by traditional limitations of retrospective studies. There were also significant differences in study design, and importantly daptomycin may have been underdosed. With the failure of two VRE-BSI clinical trials to enroll an adequate number of subjects, the low likelihood of having a gold-standard, prospective randomized clinical trial of VRE-BSI in the near future is concerning. Until such a trial is performed, we strongly believe that further retrospective analyses of VRE-BSI that control for important clinical predictors and utilize sensitive outcomes such as duration of bacteremia, likelihood of repeat positive cultures while on therapy, time to clinical cure, and traditional endpoints such as mortality will be critical to understanding the role of antibiotic choice for this increasingly common and potentially deadly infection (46) . The article's content is solely the responsibility of the authors and does not necessarily represent the official views of the NIH.
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